Transcription factors of the TCF/LEF family interact with the Wnt signaling pathway to control transcription of downstream genes (Clevers, H., van de Wetering, M., 1997. TCF/LEF factor earn their wings. Trends Genet. 13, 485±489). We were interested in cloning family members which were expressed in zebra®sh neural crest, because Wnt signaling modulates speci®cation of neural crest fate (Dorsky, R.I., Moon, R.T., Raible, D.W., 1998. Control of neural crest cell fate by the Wnt signalling pathway. Nature 396, 370±373). We cloned a zebra®sh homolog of lef1 and localized its chromosomal position by radiation hybrid mapping. lef1 is expressed in the neural crest as well as the tailbud and developing mesoderm, and is maternally expressed in zebra®sh, unlike mouse and Xenopus homologs. In addition, we cloned two tcf3 genes and a homolog of tcf4, neither of which were strongly expressed in premigratory neural crest. q
Results and discussion
Transcription factors of the TCF/LEF family have been recently shown to mediate Wnt signaling by binding to bcatenin (Behrens et al., 1996; Clevers and van de Wetering, 1997) . Binding of these factors to DNA can either repress or activate target gene transcription, depending on the presence of b-catenin (Brannon et al., 1997; Bienz, 1998) . Members of this family have been cloned in a variety of eukaryotes, including C. elegans (Lin et al., 1995) , Drosophila (Brunner et al., 1997) , Xenopus (Molenaar et al., 1998) , chick, (Kengaku et al., 1998) , mouse (Travis et al., 1991) , and humans (Waterman et al., 1991) . We were particularly interested in Tcf/Lef genes expressed in the neural crest, because Wnt signaling can in¯uence the cell fate speci®cation of crest derivatives (Dorsky et al., 1998) . In mouse, both Tcf1 and Lef1 are expressed in the developing neural crest (Oosterwegel et al., 1993) . We therefore set out to clone Tcf/Lef family members in zebra®sh, with the goal of identifying genes expressed at a time and place consistent with a function in crest fate speci®cation.
Using degenerate PCR, we isolated a partial sequence with high homology to human, mouse, chick, and Xenopus Lef-1 genes. This clone was used to isolate a full-length cDNA that we named zebra®sh lef1, which encodes a protein 82% identical to human Lef-1 and 79% identical to Xenopus Lef-1 (Fig. 1) . The zebra®sh and Xenopus Lef-1 proteins lack a conserved domain containing a sequence (FRQPY, Fig. 1 ) which may interact with the Groucho family of co-repressors (Levanon et al., 1998) . Although this domain is alternatively spliced in human Lef1 (Waterman et al., 1991) , we found no evidence of other splice forms in zebra®sh. Regarding the chromosomal position of lef1, radiation-hybrid mapping places the gene on linkage group I, closely linked to two simple sequencelength polymorphisms: z9704 (LOD score 6.91) and z10888 (LOD score 9.16). A LOD of .6 demonstrates signi®cant 2-point linkage. By RT-PCR analysis (Fig. 2) , we found that zebra®sh lef1 is both maternally and zygotically expressed, in contrast to Xenopus XLef-1 which is exclusively a zygotically expressed gene (Molenaar et al., 1998) .
Whole-mount in situ hybridization for lef1 mRNA was found ubiquitously at the 4-cell stage (Fig. 3A) . During gastrulation, transcripts accumulated in the germ ring, the source of presumptive mesoderm and endoderm (Fig. 3B, C) . At 12 hpf, or the 6-somite stage, lef1 expression is seen in the developing somites (Fig. 3D ) and throughout the presomitic mesoderm (Fig. 3E ). In addition, we observed strong mesencephalic expression in the region where the ®rst neural crest cells begin to migrate (Raible et al., 1992; Fig. 3F±H) . Strong expression in the tailbud is maintained throughout late somite stages (Fig. 3I) . By the 18-somite stage (18 hpf), lef1 expression is widespread in the head (not shown). In the trunk, expression is limited to ectoderm, pronephros, and neural crest rostrally (Fig.  3J ,K) and presomitic mesoderm caudally (Fig. 3L ).
In the process of cloning zebra®sh lef1, we also obtained partial cDNA sequences for several other tcf family genes. We recovered two homologs of tcf3, one of which was identical to the zTcf3 gene previously reported by Pelagri and Maischein (Pelegri and Maischein, 1998) . This gene encodes a 560 amino acid protein which is 71% identical to Xenopus Tcf-3 and 66% identical to mouse Tcf-3. The other homolog (tcf3b) is also maternally expressed, and has a similar but not identical expression pattern to zTcf3 (not shown). Our partial clone of tcf3b encodes 287 amino acids which are 75% identical to zTcf3, 68% identical to Xenopus Tcf-3, and 60% identical to mouse Tcf-3. Although such gene duplications are common in zebra®sh, we did not ®nd other homologs of lef1 in our screen. Finally, we recovered a zebra®sh tcf4 homolog, which shows similar expression to mouse Tcf4 (Cho and Dressler, 1998) in the developing telencephalon and diencephalon (not shown). This sequence encodes 101 amino acids which are 94% identical to both mouse and human Tcf-4. None of these genes showed speci®c expression in the premigratory neural crest, though they may be present at low levels.
In summary, we have cloned a zebra®sh homolog of lef1, which shows a similar zygotic expression pro®le to Xenopus and mouse Lef1 genes, with the important difference of its being maternally expressed. Based on the expression patterns of all the Tcf/Lef family members we cloned, lef1 is the only gene speci®cally expressed in the premigratory neural crest, near Wnt signals localized in the neural keel (Dorsky et al., 1998) . Lister, et al., in press) , is a control for a zygotically expressed gene. max is a loading control.
Methods

cDNA cloning
PCR was performed on cDNA from 24-h zebra®sh larvae using the following degenerate primers and an annealing temperature of 568C.
A 750-base product was used to screen a 12±16 hpf lambdaZAP cDNA library as described previously (Appel et al., 1995) . Two identical clones were obtained and designated zebra®sh lef1.
Partial clones of tcf3a, tcf3b and tcf4 were obtained using similar PCR conditions with a different 5 H primer:
The three products were isolated from individual clones of the PCR product subcloned into the pCRII-TOPO TA cloning vector (Invitrogen). Accession numbers are as follows: lef1, AF136454; tcf4, AF136455; tcf3b, AF136456.
Radiation hybrid mapping
The following PCR primers were used on a radiation hybrid DNA mapping panel (Kwok et al., 1998 ; obtained from Research Genetics):
H PCR was performed in duplicate for 30 cycles with an annealing temperature of 608C. The consensus RH types ampli®ed in duplicate PCR runs were in positions 3, 7, 9, 15, 16, 23, 46, 70, 79, and 80 . Linkage analysis was performed with the computer program SAMapper (Stewart et al., 1997; K. McKusick and D.R. Cox, unpublished data; Geisler et al., manuscript in preparation) , using 1590 sequence tagged site (STS) markers, including 1031 simple sequence length polymorphism markers (Knapik et al., 1998; N. Shimoda and M. Fishman, unpublished data) .
RT-PCR
PCR was performed on cDNA from various developmental stages, using the following primers and an annealing temperature of 508C, for 25 cycles. Products were run on 4% agarose gels and stained with ethidium bromide.
In situ hybridization
In situ hybridizations were performed as described (Jowett and Lettice, 1994) , and stained with BCIP/NBT (Boehringer Mannheim). 
